A family of modified (0, 1) heterotic string models in D = 4 is constructed in which the strings are boundaries of Chern Simons 2-branes. These models have a cancellation mechanism for R gauge anomalies so as to make local spacetime superconformal symmetry consistent with quantum mechanics. There is an intrinsic Goldstino multiplet, so that supersymmetry breaking can be driven by any process that generates a non-zero value for the superpotential. A relationship between the value of the bare coupling g and the level zero spectrum follows from an analysis of the non-perturbative defect around a string. The superconformal anomaly freedom of these models may be related to a naturally vanishing Λ.
Introduction
Our aim is to introduce a modification of strictly 4 dimensional (0,1) heterotic string models to support a local space-time superconformal invariance, and in particular to remove the chiral anomalies of R symmetry that arise in the quantum theory. These models, a sub-family of those studied in [1, 2, 3] , have a field independent value of g, the bare dimensionless coupling constant. When the effective level zero field theory is expressed in string tension units, the dilaton is replaced by a residual scalar field ψ, with g independent of ψ. With suitable twisted boundary conditions, all breathing modes which have an effect on g may be eliminated from the level zero spectrum. We may now introduce a zero norm chiral scalar superfield χ (i.e. χ has no kinetic term) to compensate the string tension in an attempt to make a model with local superconformal invariance. This will be a symmetry of the lifted metriĉ
Re(χ )g µν (1) where conformal rescalings ofĝ µν can be absorbed into the compensator χ with g µν the metric relative to the string tension. The phase of χ is irrelevant, and can be factored out from the path integral. The spinor components of χ may be gauged away using S type supersymmetry transformations, as usual for a conformal compensator [4] . The motivation for this is to study supersymmetry breaking in the context of superconformal symmetry, as proves useful for conventional supergravity [4] . There is an obstruction to the validity of superconformal symmetry in conventional field theory in the form of ABJ anomalies [5, 6] for R transformations. We propose to overcome this by modifying the strings by attaching Chern-Simons 2-branes (so that the strings become the brane boundaries) and incorporating R flux tubes into the strings. A consideration of the non-perturbative defect around a string leads to preferred values for the dimensionless coupling g. A consequence of intrinsic R flux tubes is that the supermultiplet containing ψ becomes the Goldstone multiplet for local supersymmetry breaking, which will now occur automatically, provided that the superpotential G takes a non-zero value. If the v.e.v of G is generated by processes well below the string tension scale, this would lead to a stable realistic supersymmetry breaking mechanism. It may be possible to establish a theorem giving zero cosmological constant in the form of the somewhat stronger statement that the global superconformal invariance of the global (vacuum) state is anomaly free even though it is spontaneously broken.
Modified String Model
Take an ordered pair (S, M) with S a string worldsheet and ∂M = S. The interaction of a string/brane (S, M) with the 2-form potential B field is given by
where H is related to B through
Here the index k runs over all factors of the Yang-Mills group, the Lorentz group and the R group and the ω (3) k are the corresponding Chern-Simons 3-forms. The factor 1/8 in eq.(3) comes from the B vertex operator [7] (note that our B differs from [7] by a factor of g). M thus represents a tensionless Chern-Simons brane attached to S. H is invariant under gauge transformations provided that B is also transformed according to
where ǫ k is the infinitesimal parameter for factor k and ω
is the corresponding secondary Chern-Simons class. A quantisation condition on the constants c k can be obtained as follows.
the total (compactified) region of spacetime under consideration. For the relative phase of the path integral contributions for M 1 and M 2 to be unambiguous, we require that
always holds, which will be true providing that we impose the conditions
where we have introduced level numbers m k . This gives
since we have
We will assume that a suitably regularized path integral over (S, M) gives the kinetic term for H as the invariant extension of (dB) 2 /2g 2 , i.e.
(The infra-red behaviour of the path integral for the tensionless brane M may be effectively cut off at a scale ∼ Λ QCD by phases induced by QCD instantons.) Suppose now that the dual field * H can be described in terms of a pseudoscalar field φ as * H = dφ + Cω
Here we have extended the global gauge invariance of φ, which arises since the absolute value of φ is irrelevant, to a local symmetry by using the axial vector U(1) gauge field A R , which appears as the axial auxiliary field in conventional N = 1 supergravity [4] . The R transformations act on the spinor ground state Ψ R of the Ramond sector through the operator γ 5 , which may be realised as an element of the Clifford algebra generated by the zero modes of rightmoving fermions acting on Ψ R . In general, superconformal symmetry may be regarded as an extension of the right-moving current algebra. For the ABJ anomaly of the R charge to be cancelled by the H 2 term, in a variant of the Green-Schwarz mechanism [8] requires
where N k is the quadratic Casimir invariant of the level zero fermions for factor group k. To get more definite values for the parameters, consider a string in cosmic configuration [7] . A simple calculation gives [7] ∆ ≡ 1
With the introduction of the gauge compensation of φ by A R it is now possible for φ to be single valued around a string, repairing the defect noted in [7] , and we may make a natural gauge choice φ = 0. This reflects the fact that local R gauge symmetry now removes φ from the physical spectrum. Special values for the constants of our theory can now be obtained by applying the condition for an unbroken N = 1/2 supersymmetry. This is defined so that the spacetime supersymmetry components right-moving at the string, i.e. those that couple locally to the string, are taken to be unbroken by the net effect of the non-perturbative defects around the string. This would enable supersymmetry breaking to be driven by mechanisms operating at well below the string tension scale, as in the following section. The Lorentz connection around the string cancels the R connection on these generators if
where δ is the deficit angle around the string, giving C = g∆/δ = −g 2 /8δ. The physical interpretation of eq. (13) is that the strings incorporate a flux tube of strength δ for the magnetic field of A R . The field strength H around a cosmic configuration string may be interpreted as follows. Introducing cylindrical coordinates (t, r, θ, z) centred on the string, H is parallel to the surfaces of constant θ. The coupled equations for gravity and H are equivalent to an Einstein-Cartan system with H representing a totally antisymmetric torsion which Ricci flattens the connection on surfaces of constant θ. The transverse metric on surfaces with r, t constant remains flat with azimuthal defect angle δ. (Although a classical static solution is singular at the string, the quantum string theory is, as usual, finite.) The string tension T and the Regge slope α ′ for the (0,1) heterotic string are related by [9] 
while α ′ is related to Newton's constant G by [9] 
The angular deficit around a string in cosmic configuration is given by [10] , δ = 8πGT (16) using the Einstein field equations. This gives a non-perturbative defect at the string site, analogous to the defect around a massive particle in 2+1 dimensions [11] . This relationship becomes, on using eqs.(14,15),
Substituting this value gives C = −π, and eq. (11) becomes
requiring a particular value for the coupling g through
The genus expansion in powers of g 2 is now related to an expansion in powers of 1/ν. Note the requirement that all the fractions m k /N k be equal, which is more easily satisfied satisfied if the gauge groups combine into a GUT. The fractional deficit angle becomes
a rational number. If ν = N, an integer, this suggests an interpretation of the Chern-Simons brane M as a defining surface for a Z N bundle, just as a set of cuts defines a Riemann surface. This interpretation would be relevant to amplitudes for processes involving linked strings, possibly selecting the Γ N subgroup as the relevant modular invariance group in situations where only the Nth power of a Dehn twist would be Z N trivial.
Supersymmetry Breaking
Since we have selected models with g field independent, the gaugino condensation mechanism for supersymmetry breaking [12, 13] will not work. Consider, however, the supersymmetry variation of the gravitino field ψ which is given by
With the natural gauge choice φ = 0 , we have A R = π −1 Dφ and eq.(21) becomes
so that the global (dǫ = 0) variation of the Goldstino fermion χ is given by
where ζ is the superpartner of φ, so that we may identify χ = π −1 ζ, giving a natural candidate for the Goldstino multiplet in the vacuum state. The Goldstone supermultiplet and the graviton multiplet together are thus given by the spin (1) L ⊗ (1 ⊕ 1/2) R heterotic level zero fields [14] . The scalar/pseudoscalar part is described by the complex field z = ψ + iφ. Supersymmetry breaking is characterised by the superpotential G. Note that the gaugino condensation mechanism is ruled out in strictly D = 4 models by the field independence of g. The normalization of the kinetic term of φ through eq. (9), together with the fact that G should be independent of φ, which can be gauged away, gives
with G 1 independent of z. This gives the z space a flat, cylindrical Kahler geometry. G has a maximum at ψ = 0, with m ψ = m 3/2 . We may make a comparison with the situation in conventional N = 1 supergravity where the potential depends on scalar fields through
where the (anti-)holomorphic differentials (∂ * , ∂) are defined on chiral field space. For a given gravitino mass m 3/2 a pure supergravity theory is obtained in anti-deSitter space with curvature −3m 2 3/2 and a flat spacetime is only obtained with the bracing effect of a nonzero ∂G, with the direction of ∂G in field space identifying the Goldstino multiplet. Our model uses the zero norm tension compensator χ and the usual negative norm scalar compensator for conformal symmetry in conventional N = 1 supergravity is not present. The Goldstino can be identified in our model even at a stationary value of G, where it becomes ζ. Since now ∂G = 0 at the potential minimum, no cancelling negative term is required for Λ = 0, and indeed without the negative norm compensator, eq.(25) takes the form
and the balance between large terms of opposite sign is no longer needed. The gravitino mass in the vacuum state will be given by 
where G 0 is the maximum value of G. This gives stable supersymmetry breaking, which would be at a realistic scale for a suitable value of G 0 . Such a value might be generated by renormalization group effects. The cosmological constant may vanish naturally in this model, due to global superconformal symmetry. The global superconformal invariance of the action under finite rescalings of g µν rather than ofĝ µν would be used to demonstrate this. The same brane/flux tube mechanism that cancels the anomalies of R invariance may also make this symmetry viable at the quantum level. For this strategy to work, it would be necessary to apply the principle of global superconformal invariance to show that the maximum of G lies on the surfaces D α = 0 for all Yang-Mills generators α, as without D terms the potential eq.(26) would already give Λ = 0.
